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ABSTRACT 
Kinetic studies of isomerization of cyclopropane have been done 
mostly with oxide catalysts and dual function oxide-metal catalysts. 
In this work kinetic data. are obtained for the isomerization of 
cyclopropane using a new type of acid exchange resin, Arnberlyst 15, as 
a catalyst. A tubular reactor (0.493 inch I.D.) was used with space 
time ranging from 0.5 to 3.5 hours. Conversion of cyclopropane to 
0 0 0 0 
propylene was obtained at 110 C, 128 C, 150 C and 170 C. The 
experimental data fit a first order rate law. The apparent activation 
energy calculated from the data is 30.8 k. calories per gm. mole 
compared with 15.7 k. calories per gm. mole for silica alumina cracking 
catalyst and 66.95 k. calories per gm. mole for noncatalytic 
thermal isomerization. 
INTRODUCTION 
Considerable amount of work has been done on the kinetics and 
, ' 
mechanism study of organic gas phase hydration, dehydration, hydrogenafo~\/ 
dehydrogenation, and esterification reactions with acidic oxide and 
metal catalysts. Acid ion exchange resins have also been used more 
recently. These investigations are useful for designing and under-
standing of the complex petroleum cracking and related processes. 
Another organic reaction, isomerization, has been investigated mainly 
with so-called dual action catalysts though acid-oxide catalyst have 
been used. Since ion exchange resins are relatively cheap, highly acidic 
and porous, they are conunericially attractive as a potential catalyst. 
Hence, a kinetics and mechanism study of isomerization using an ion 
exchange resin as a catalyst is very desirable. With this in mind a 
preliminary kinetic study of isomerization cyclopropane to propylene was 
made using a special acid exchange catalyst Arnberlyst 15. 
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1 . BACKGROUND 
ION EXCHANGE RESIN AS CATALYST: 
1 Sussman was an early investigator to use cation exchange 
resin for the liquid phase synthesis of butyloleate from butanol 
1. 
and oleic acid. Levensque and Craig
2 
also studied the same reaction. 
3 4 5 
W.W. Davis and G. G. Thames , Haskell and Harmnet , Reesz and Harmnet , 
Harmnet and Berhard6, Bernhard, Garfield and Hammet
7
, Bodamer and 
tl 8 
Kinin have made important contributions towards qualitative and 
quantitative understanding of liquid phase catalysis using ion 
exchange resins. Saletin
9
, and GolublO and Bernhard
11 investigated 
the esterification of alchohols with acetic acid in liquid phase 
catalyzed by cation exchange resins for their Ph.D. works. Reed
12 
studied the hydration of ethylene oxide.with cation exchange resin in ! I 
13 
liquid phase for his Ph.D. research at Lehigh while Marberry studied 
14 
the decomposition, in liquid phase, of cumene hydroperixide. Oscar 
studied the hydrolysis and decarboxylation of acetic esters. A 
number of works have been reported for the vapor phase heterogeneous 
15-20 
catalysis using ion exchange resins. The reactions involved are: 
esterifications of alchohols with acetic acid, hydration of ethylene 
oxide, propylene and butene, hydrogenation olefenes, dehydration of 
alchohols. A detailed list of works done on the reactions catalyzed 
by ion exchange resins is given by Dow Chemical Company in a booklet 
form "Dowex Acid-Base Catalysts". 
ISO~RIZATION 
Isomerization is another type of reaction which has been 
\ 
i 
J 
) 
2. 
subjected to considerable investigations. Perhaps the most significant 
theory of isomerization on a solid catalyst is the dual site aclion 
d b Mill 121 c· 22 propose y set a , 1apetta and Hunter and Weisz and 
23 24 
Swegler among others. Billings Brown studied isomerization of 
' 
cyclopropane on platinum-on-alumina catalysts in a tubular flow reactor. 
He used both integral and differential reactor technique with temperature 
0 0 
range from 85 to 356 C and pressure from 10 to 400 nnn Hg. He found 
out that catalytic activity was a function of water of hydration of 
alumina used as a constituent of the platinum-on-alumina catalyst. The 
activity is also a function of the volume of product chemisorbed which 
in turn varies with pressure, temperature and time in use. Davis and 
Scott25 studied the kinetics of thermal isomerization of cyclopropane in 
26 
a flow reactor whereas Tadao Ishii and Osberg studied the catalytic 
isomerization of cyclopropane in fixed and fluidized beds using oxide 
catalysts for determining th~ effect of using different catalyst 
packings for the reactor. 
27 
Roberts investigated the effectiveness of 
different acid catalysts on the isomerization of cyclopropane. Basset 
28 
and Habgood studied the catalytic isomerization of cyclopropane during 
elution through a gas chromatograph column modified by the introduction 
of a small catalytic reactor and a product-trap between the sample inlet 
and the analytical column. Aside from this Sinfelt et a1
29 
studied the 
kinetics and mechanism of isomerization of n-pentane over platinum-alumina 
catalyst in a flow reactor in presence of added hydrogen pressure., The 
rate 
mole 
of isomerization was found to correlate with the n-pentare 
ratio and to be independent of total pressure and could be 
to hydrogen-
explained 
in terms of the postulated mechanism by which isomerization proceeds via 
/-
' 
•-.··~~ I -- ~ 
3. 
an olefene intermediate present in equilibrium concentration. Lyster 
et a130 studied the same reaction with same type of catalyst in a flow 
reactor. Their studies confirmed the dual function mechanism of catalysis. 
31 d d\'!a~ Carr presente ) 
rate equation for the 
on designed statistical experiment to describe the 
isomerization of n-pentane in a hydrogen atmosphere 
0 . 32 
at 750 F. Yui-long Wang studied the kinetics and mechanism of thermal 
decomposition of n-butene in a flow reactor. 
In sunnnary, cyclopropane has been found to isomerize readily 
on dual function catalysts like platinum-on-alumina and oxide catalysts 
0 
at temperatures of 85 C and upwards. The most significant theory of 
isomerization on solid catalyst is the dual site mechanism proposed by 
Mills et al 21 among others. 
' I 
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2. EXPERIMENTAL OPERATIONS 
APPARATUS: 
The experimental equipment shown in Fig. 1 consists of a 
downflow, fixed bed reactor with auxilary components for r~actant 
introduction and product recovery. The reactant gases from the 
respective feed cylinders are metered through rotameters, mixed in 
a copper coil and heated in the preheater 1 from room temperature to 
about 1 to 2 degrees centigrade higher than the temperature of the 
reactor bed. The preheater consists of 44 ft. long 1/4 inch O.D. 
copper tube coiled into helix 3 inch in diameter and 14 ft. long, 
heated by means of 22 B.D. nichrome wire wound around the copper coil 
insulated by asbestos paper. The exit line from the preheater up to 
the top of the reactor is heated by heavy insulated heating tape 
(4 ft. long, 184 watts). The preheater is insulated against heat 
loss and the exit line is insulated by winding with fibre glass 
insulation. The pressures before and after the rotameters are 
measured by mercury manometers graduated in one tenth of an inch. A 
thermocouple attached to the exit end wall of the preheater measures the 
wall temperature. Assuming the overall heat transfer coefficient of .the 
2o 
preheater_ system to be 2.0 B.T.U./hr. ft. F (worst case), the 
temperature difference between the wall of the preheater and the exit 
gas should not be more than 2°c (checked by making actual calculations). 
Hence, to get a desired exit gas temperature the wall temperature is 
maintained 1 or 2° above it. The exit line from the preheater up to 
,, 
j 
the inlet of the reactor is heated enough to maintain the temperature 
of inlet gas to reactor at the same level as that of the reactor bed. 
The temperature of inlet gas to reactor is measured by inserting a 30 
gauge teflon insulated thermocouple through a teflon gland tightened 
with 1/4 inch swagelock S.S. nut. Special care is taken to ensure 
5. 
that the thermocouple is placed at the centre of the tube without 
touching the wall so as to get an accurate temperature of the gas stream. 
A sampling line is installed just before the preheater for sampling 
reactant gases. The exit gas from reactor can be metered by a wet 
test meter or diverted to the sampling device. 
REACTOR SYSTEM 
The reactor consists of 0.493 inch I.D. by 3'-6" S.S. 304 pipe. 
Each end of it is screwed to an adapter to which is fitted "Cona~" fittings 
with "Teflon" glands for inserting thermocouple wells. The upper part of 
it serves as preheater and the lower part serves as the reactor. The 
catalyst is supported on 100 mesh S.S. screens placed three inches from 
the lower end of the reactor which is heated by means of heavy insulated 
heating tape (4ft. long, 184 watts). This is done to minimize temperature 
variation of the reactor bed due to heat loss,th~dugh the bottom. Since, 
the reactor has to be removed often for packing and for catalyst analysis, 
it is encased within a thin walled copper pipe with very little space 
between ~e two. The copper tube is fixed vertically between two asbestos 
sheets. The upper part is wound with l2 B.S. insulated nichrome wire 
(double winding) and the lower part wound with 22 B.S. insulated nichrome 
wire and. another layer of 24 B.S. insulated nichrome wire. This allows 
I 
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7. 
the reactor to be taken out without dismantling its heating wire,controller 
circuit,etc. Heat input to top part is controlled manually by a powerstat. 
A major portion of heat supplied to reaction zone is controlled by powerstat 
and a differential part of it is supplied by 24 B.S. nichrome wire controlled 
by an on and off controller. This is done specially to minimize the offset. 
Suppose a temperature of 150°c is desired in the reactor, then the manual 
0 
heater is adjusted first to give a temperature of say 145 C and then the 
automatic controller is adjusted to give the desired temperature of 150°c. 
Two thermo wells made of 1/8 inch S.S. tubes are inserted through the "Conax" 
fittings at each end of the reactor and placed on the top and the bottom of 
the reactor bed. The sensing element of the automatic controller is a 
thermistor bead inserted through the bottom end of the reactor. The 
reactor assembly is encased within 1 inch thick asbestos pipe to minimize 
heat loss. Since the top therrnowell is about 3ft. long, it is provided 
with "Teflon" spacers so as to make sure that it does not touch the 
reactor wall. This is not necessary for the bottom thermowell since it 
is only 6 inches long and can be inserted without touching the wall. 
It is considered to be isothermal when a difference of temperature of 
1 degree centigrade or less between the top and bottom of the reactor bed, 
is achieved. 
REACTANT FEED SYSTEM: 
The cyclopropane (Air Products Chemical Co.) is supplied from 
a lecture bottle and is 99% pure, the major part of the impurities is 
propane, the amount of propylene being negligible. 
The cyclopropane is mixed with prepurified helium or nitrogen 
gas so as to give a mixture of 1.0 to 15.0 mole percent cyclopropane as 
l 
' ,' 
l 
1 
1 
Cl 
8. 
feed. This is done in view of high cost of cyclopropane and to limit the 
heat evolved in the reactor bed due to exothermic isomerization reaction 
so as to get isothermal condition. The gases are bought from Air Products
 
and Chemical Company. These are fed at a constant downstream pressure 
maintained by means of two-stage regulators. Finer control is done by 
means of precision needle valves. 
CATALYST: 
Amberlyst 1533 - typical properties reported by Rohm & Hass 
Company is: size 20-50 mesh; surface area 40-50 m
2/gm.; moisture content 
less than 1% by wt.; porosity - 0.30-0.35; hydrogen ion concentration -
4.9 m.Eq/gm.(dry). It is a new bead form strongly acidic exchange resin 
developed particularly for heterogeneous acid catalysis for a wide 
variety of organic reactions in nonaqueous, especially nonpolar media. Fo
r 
catalysis in nonaqueous media Amberlyst 15 possesses special advantages 
over previous catalysts including ordinary industrial acids and 
conventional sulfonic acid cation exchange resins. This is a consequence 
of a unique porous structure sometimes referred to as "rnacroreticular" 
structure. Resin particles having this macroreticular structure possess
 
a high degree of true porosity, that is pores are rigid and fixed within 
the resin beads. Such a high porosity, of course, gives rise to large 
surface area which itself is conducive to high catalytic activity. This 
structure ·in Amberlyst 15 permits ready access of liquid and gaseous react
ants 
to the hydrogen ions present through the resin beads which is not to be 
found in conventional ion exchange resins. Advantages of Amberlyst resin 
over oxide and metal catalysts are: 
1. It is relatively inexpensive especially in comparison with 
cost of metal and oxide catalysts. 
2. Unusual selectivity effects are possible and hence side 
reactions can be reduced or eliminated 
9 . 
.. 
3. The activity of an acid exchange resin catalyst is fairly 
steady if it is used at below its maximum operable temperature. 
4. It can be regenerated by standard laboratory techniques. 
Disadvantages: 
1. The thermal stability of amberlyst is low compared to metal 
and oxide catalysts. The maximum reconnnended temperature 
is 170°C, but is offset by its highly acidic and porous 
nature. 
2. Amberlyst 15 is susceptible to physical and chemical degradation 
in systems involving severe agitation and systems involving 
strong oxidative condition. 
MEASURING DEVICES: 
The exit gases are metered by a wet test meter (Precision 
Scientific Company, Chicago, Illinois) having a capacity of 100 cubic 
feet per hour (0.1 cu. ft./revolution). No attempt has been made to 
calibrate the wet test meter directly but it has been checked against 
a new wet test meter available in the department. 
The cyclopropane is metered by means of a Fisher and Porter 
flowrator (F.P-OBF-16-08-4-36). The helium nitrogen metered by means 
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12. 
of a Brooks rotameter (type R2-1150 Se. No. 0760-1711/1), Both the ~ 
rota meters are calibrated by means of the two wet test meter mentioned 
above. The calibration curves are given in figures 2 and 3 with the 
reference condition of 32°F and 1 Ats. For helium or nitrogen, the flow 
rate for a certain reading of the rotameter 15 determined by measuring 
the time required to make 1 to 5 complete revolutions of the wet test 
meter counter. Since the flow rate used for cyclopropane is small it 
would take quitealongtime to complete even one revolution and would 
involve good amount of costly cyclopropane gas. Hence, the following 
technique is used. A segment of the wet test meter (one tenth of a 
complete revolution) is used. To make sure that the time to cover each 
of the ten segments are same, tests were made with nitrogen gas. The 
time to cover a segment is found to be the same for eight segments and 
for the other two segments it comes out to be higher but identical. 
Hence, for a fixed rotameter reading for cyclopropane, the time to 
cover one of those eight segments and one of the two segments are noted. 
Then, eight times the first reading plus two times the second reading 
is taken as the time to cover a complete revolution (0.1 cu. ft.). 
During an actual run, the rotameter readings are corrected to 
0 1 ATS. and.32 F and read off from the calibration curves. The pressures 
are read by means of mercury manometers graduated in one tenth of an 
inch and readable up to one twentieth of an inch. Temperatures are 
sensed with copper-constantan thermocouples and measured by means of 
Leeds and Northrup 8686 millivolt potentiometer with ice temperature 
as a reference point introducing an error of± 0.1°c. The thermocouples 
have pot been calibrated. The temperature controller used in the reactor 
I • 
1 
l 
! 
1 
,, 
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13. 
heating circuit is Thermistemp Temperature Controller Model 63 RA made 
by Yellow Springs Instrument Company, Ohio. It is an on and off type 
0 
controller having dead zone less than+ 0.1 F with thermistor probes 
as sensing element. 
CHEMICAL ANALYSIS: 
N The samples are analyzed by means of gas chromatography. Two 
gas chromatographs are used. Beckman I s G. C. 1, and Perkin Elmer 800. 
Thermal conductivity cells are the detecting element for both inst"iuments 
though the Perkin Elmer 800 is about ten times more sensitive then the 
G.C.1. Two 14 ft. long columns are made of 1/4 inch O.D. copper tubes 
packed with special firebrick Gaschrom R (80-100 mesh) as the support 
and tricresyl phosphate as the stationary phase. These two columns are 
designed after making and trying out several columns and give good 
separations of cyclopropane and propylene peaks on the gas chromatogram 
of Perkin Elmer 800. A 12 ft. long 1/4 inch O.D. column, packed with 
di-n butyle maleate as the stationary phase, is effectively used in 
the G.C.l gas chromatograph. The column temperatures are maintained 
at 400c with Helium as the carrier gas. The 
are 40 mls. per minute and the output of the 
carrier ga! flow rates 
conductiv~_cell circuit 
is recorded ·on a Brown electronic recorder of voltage range -0.1 to 
1.1 millivolt in case of G.C.1 model and on Leeds Northrup millivolt 
recorder in case of the Perkin Elmer model. 
OPERATING PROCEDURE : 
A. START UP: 
After the reactor is filled with required amount of catalyst 
l ·. 
' 
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1 
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~~ 
and the thermocouples are put in place, the heaters of respective sections 
are switched on. The heat input to each section is regulated manually by 
means of powerstat till the desired temperature is reached. Finer 
temperature control of the reactor bed is done by controlling a small 
amount of heat input to it by means of the on and off controller as 
mentioned before. Prepurified nitrogen gas is passed through the 
reactor bed for two hours to condition the catalyst. This is done for 
each run. It takes about 4 hours to stabilize the temperature, and the 
settings of the powerstats have to be controlled very closely in order 
to get the desired temperature in each section. 
B. EXPERIMENTAL RUN: 
Once the stable desired temperature is obtained with the 
nitrogen gas (which is also used as the diluent gas in these runs) 
the reactant gas (cyclopropane) is introduced by metering it through the 
flowmeter. The temperature controller is then set on to maintain a 
stable temperature in the reactor bed. Finer adjustment of the powerstats 
are made until the temperatures of top and bottom of the bed are within 
+ 1 degree centigrade of each other. Since the reactor is small (0.493 inch) 
and cyclopropane is diluted (1-10%) this gives essentially an isothermal 
condition inspite of high conversion (15-94%). Samples are collected 
every 15 minutes and analyzed to check that a steady state condition is 
achieved: Generally, a steady state condition is reached within half 
\ 
an hour and certainly within one hour (verified by analyzing samples taken 
every 15 minutes). All the samplings are done on both half an hour and 
one hour basis. The exit gas flow rate is measured by the wet test meter 
, ' 
I. 
both in the case when nitrogen alone flows through the system and when 
the diluted cyclopropane is introduced for the actual run, 
C. SAMPLE ANALYSIS: 
The exit gas is collected in specially made pyrex glass 
burettes allowing about 5 minutes for proper purging. The samples are 
injected to the gaschromatograph by means of standard vacuum devices. 
The peak height and width at half the peak height are used to measure 
the relative concentrations of cyclopropane and propylene. A stable 
15. 
base line are obtained for the gaschrometogram at the maximum sensitivity 
only after 4 hours for the G.C.l model and 2 hours for the Perkin Elmer 
800 model. An electronic integrator is also used to measure the area 
under the peak of the G.C.l gas chromtogram but its accuracy is not yet 
satisfactory. 
3. EXPERIMENTAL RESULTS AND DISCUSSION: 
The rate equation for an isothermal catalytic reaction in a 
flow system can be written as 
dx 
-rA = y d(W/F) 
where 
W = weight of catalyst 
F = feed rate of reactant A 
x = molefraction of A, y = initial concentration 
Thus the rate of conversion corre~ponding to any given value of W/F 
(1) 
(in figure 4) is given by the slope of the tangent to the curve at that 
point. On the assumption that the total moles of gas undergoes no change 
,1 
I 
' 
·> 
I~ 
16. 
EXPERIMENTAL RESULTS: 
Runs Temperature Cyclopropane Total 
W/F Conversion 
oc Flow Rate Flow Rate (hr.) % 
(lb.moles/hr) (lb.moles/hr) 
1 128 0.000058 0.0073 9.05 
50.35 
2 128 0.000515 0.0073 
1.019 24.62 
3 128 0.000379 0.00584 
1.385 25.2,28.83 
4 128 0.000757 0.005 
0.693 18.87 
; \,.. 
5 128 0.00019 0.0121 
2. 763 23. 66 
6 150 0.0004 0.0066 
1.33 54.17 
7 150 0.0004 0.0048 
1.312 50.37 
8 150 0.00058 0.01 
0.902 38.8 
9 150 0.00052 0.0051 
1. 02 42.41 'I r, 
10 150 0.00016 0.0067 
3.387 67.85 
i .,, 
C 
11 llO 0,00043 0.0035 
1. 21 3.67 
i 
I 
12 llO 0.0003 0.0064 
1. 7 5 4.50 
:j 
• •• 1 
13 110 0,00021 0.003
3 2.45 6.83 I 
14 110 0.00065 0.013 
0.805 2.18 t1 
15 110 0.00059 0.01 
0.888 2.29 
ij ' 
16 128 0.00021 0.0
053 2.49 22.0 r 
17 170 0.00045 0.0
14 1.16 51. 65 
[l; 
18 170 0.00016 0.0
135 3.28 73.36 
19 170 0.00051 0.0
12 1.021 48.9 
20 170 0.00057 0.001
 0.916 50.1 
21 170 0.00026 0.0097
 2.02 64.28 
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during the reaction, the equation for the first o
rder reaction is 
rA = -ky(l-x) 
Substituting equation (2) in equation (1) and integrating, th
e rate 
constant k is given to be 
where 
k{W/F) = ln(l/1-x) 
k 
2.303 (W/F) = log.(1/1-x) 
W/F = t = spacetime 
19. 
(2) 
(3) 
(4) 
Hence, the value of the rate constant k can be de
termined from equation 
(4) if W/F and x are known for a particular temperature. A p
lot of 
log.(1/1-x) vs. W/F should give a straight line with the slop
e equal to 
k Figure (5) shows plot of log.(1/1-x) vs. W/F for temperature
s 
2.303' 
110°C, 128°C, 150°C and 170°c. Only three data po
ints are used for 128°c. 
Two other points fall way off the curve and can b
e ascribed to experimental 
error. Two extra runs (22 & 23) were made to check these po
ints but the 
conversions were low compared to what is expected
 because of the deactivation 
0 
of the catalyst resulted from long exposure at a 
temperature of 170 C 
0 0 0 
required for runs 17-21. The curves for temperat
ures 110 C, 150 C and 170 C 
are linear as it should be for first order 
catalytic reaction without change 
0 -5 
of total moles. The rate constant at 170 
C is 6.4 X 10 1/sec. compared 
-2 0 
26 
With 1.05 X 10 at 175 C reported by Tada
o Ishii and G. L. Osbert for 
25 
silica-alumina cracking catalyst. Davis and Scot
t reports rate constant 
~ -1 
of 7.4 x 10 sec. for noncatalytic isomerizati
on at a temperature as high 
0 
as 546 c: A plot of log. k vs. 1/T gives a straig
ht line as indicated in 
Figure 6. The activation energy calculated from s
lope is 30,800 calories 
28 
per gm. mole. Basset and Habgood obtained acti
vation energy of 30,000 cals. 
per gm. mole using a minimum space time of 0.55 hr
. and sodium alumina-
silicate crystals of size 28-48 Tyler mesh as cata
lyst. This is close to the 
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activation energy of 30,800 cals. per gm. mole 
obtained by the 
author using Amberlyst 15 of size 20-50 Tyler m
esh. as catalyst and 
space time 0.7 - 3.3 hrs. Since these ranges o
f space time and catalyst 
sizes are more or less close, the extent of dif
fusional effect on the 
kinetics of isomerization of cyclopropane shou
ld be about the same. 
Hence Amberlyst 15 and sodium alumina silicate 
should be more or less 
equally effective as catalyst for the above me
ntioned reaction. Tadao 
26 
Ishii and Osberg reported activation energy o
f 15,700 cals. per gm. 
mole on silica-alumina cracking catalyst of si
ze 150-200 Tyler mesh 
with space time ranging from 10 to 140 seconds.
 Higher space velocity 
or lower space time tends to reduce film diffus
ional effect and smaller 
catalyst particle size tends to reduce pore dif
fusional effect. Hence, 
small or negligible diffusional effects should 
be expected in case of 
Tadao Ishii and Osberg's work. Stronger diffus
ional effect should be 
expected in present work because of higher spac
e time and relatively 
larger catalyst particles. The presence of 
strong diffusional effect 
tends to lower order of the reaction and activa
tion energy. Though no 
such lowering of order of reaction is apparent 
in this work some 
modification of true activation energy due to d
iffusional effect is 
expected, Hence, the calculated activation ene
rgy of 30,800 cals. per 
gm. mole is the apparent activation energy or 
the true activation energy 
modified by strong diffusional effect. The tru
e activation energy should 
be somewhat higher. To evaluate the extent of 
diffusional effect a. 
more detailed experiment involving
 larger range of flow rates and 
catalyst size is necessary. The present work 
will be extended in this 
direction for Ph.D research. The significant d
ifference between the 
activation energy of 15.7 cals. per gm. mole fo
r isomerization of 
22. 
cyclopropane on silica-alumina cracking catalyst and acti
vation energy 
of 30,800 cals. per gm. mole for the same reaction on Am
berlyst 15 can 
be ascribed mainly to the difference in the surface areas
 of these two 
catalysts, 
2 
Surface area reported for Amberlyst 15 is 40-50 m /gm. 
Though Ishii and Osberg did not report the surface area o
f their silica-
alumina cracking catalyst, a literature survey reveals i
t to be of the 
2 
range 200-500 m /gm. 
SOURCES OF ERROR: 
A. The biggest possible source of error is with regard to
 
determining the exact flow rates. The float of the cyclo
propane 
rotameter cannot be maintained at a fixed position since 
it fluctuates 
introducing an error of about 10%. Therefore, a very car
eful and 
continuous adjustment of flow is necessary. No such trouble is 
experienced in case of the diluent gas. It is hard to ge
t an exact 
mixture of containing a desired percentage of cyclopropan
e by means of 
metering the required amount of flow rates through the ro
tameters. For 
this work the flow rate, when the diluent gas is flowing 
alone, is 
measured by means of the wet test meter. Then the flow r
ate, when 
the mixture of cyclopropane and diluent are flowing, is m
easured at 
the same temperature and pressure and same reading of the
 diluent gas 
rotameter. The difference of the flow rates is taken as 
the flow rate 
of cycl6propane with the assumption that there is no chang
e of moles 
in the reaction and no leakage of the mixture in its pass
age through 
the system. A careful pressure test, at the highest pre
ssure used, 
reveals no leakage. Though no special check is made of a
ny side 
reactions, specially dimerization of propylene, gas chrom
atograph 
study reveals no other organic compounds except cy
clopropane and 
propylene. The extent of reverse reaction has no
t been checked. 
B. Thermocouples have not been calibrated over the
 range 
of temperature involved. The wet test meter has n
ot been calibrated. 
23. 
C. Purity of cyclopropane is above 99% but no comp
lete analysis 
of this is done. Maximum error resulting from thi
s is +1.0% of 
conversions calculated from the gas chromatograms.
 
D. Since no packing is used with the catalyst for 
even 
distribution of heat, there is a good chance of fo
rmation of hot 
spots in the catalyst bed. Hence, it is hard to s
ay how uniform the 
temperature of the bed is. Since the catalyst bed
 used is 5 inches 
high and temperatures at the top and bottom of it 
are measured, a 
temperature gradient between the top and bottom of
 the bed is possible, 
though low heat of reaction (12,-00 B.T.U. per lb. mole) redu
ces this 
gradient. 
E. Neither proper condition of catalyst is done no
r activity 
of catalyst (in terms of acid equivalent of the resin per gm. 
of dry 
solid) is tested. \ 
MODIFICATIONS OF PRESENT SETUP: 
A. Since the flow of cyclopropane is hard to deter
mine 
accurately and it is equally hard to get an exact 
mixture, gas mixture 
of helium and cyclopropane, mixed by Air Products 
andCompany and 
analyzed by their standard method, will be used. 
These analyses will be 
c·roaschecked. The wet test meter will be calibrat
ed. 
t 
• 
B. The product gases will be analyzed by mea
ns of infra 
red spectroscopic and mass spectrometry tech
niques for detecting 
side reactions. Checks will be made to dete
rmine the extent of 
reverse reaction (isomerization of propylene to cyclop
ropane). 
C. Thermocouples will be calibrated for the 
temperature 
range involved. 
D. The reactor will be mixed with suitable p
ackings for 
proper distribution of inlet gas to reactor 
bed and to minimize 
formation of hot spots. Lesser amount of c
atalyst will be used to 
24. 
reduce temperature gradient between top and 
bottom of bed and to decrease 
the space time so as to decrease film diffus
ional effect. More 
elaborate measurement of temperature of the 
bed will be made. 
E. Since the reactor is enclosed in a copper
 tube which is 
heated electrically by means of nichrome wir
e wound around it, an 
increase in time lag in the heating circuit
 is apparent. This 
increases the time to stabilize the tempera
ture,as evident by long 
start up time. Hence, some other efficient
 way of heating, consistent 
with easy removal of the reactor for cataly
st handling and maintenance 
of isothermal condition, will be considered.
 
F. Proper conditioning of the catalyst and t
ests of its 
activity will be done. 
·, 
t 
REFERENCES 
1. Sussman 
IND. AND ENG. CHEM., Vol. 38, p. 1228, 1946 
2. Levesque and Craig 
IND. AND ENG. CHEM., Vol, 40, p. 96, 1948 
3. Davis, C. W. and Thomas, G. G. 
NATURE, Vol 159, 732, 1947 
J. CHEM. SOC. 1607, 1952. 
4. Haskell and Hannnet 
J AM. CH. SOC. 71, 1284, 1949 
5. Reesz and Hannnet 
J. AM. CH. SOC. 71, 1284, 1949 
6. Bernhard and Hannnet 
J. AM. CH. SOC. 75, 5838, 1953 
7. Ber~hard, Garfield and Hammet 
J. AM. CH. SOC. 76, 99, 1954 
8. Bodemer and Kunin 
IND. and ENG. CHEM. 43, 1083, 1951 
9. Sale tan 
DISS. ABS., Voi. 12, p. 275, 1952 
10. Golub, L. L. 
DISS. ABS., Vol. 18, 979, 19S8 
11 . Bernhard 
DISS. ABS., Vol. 14, p. 24, 1954 
12. Reed, L. M., Wenzel, L.A. and O'Hara, J.B. 
IND. AND ENG. CHEM., Vol. 48, p. 205, 1956 
13. Marberry., J. E. 
DISS. ABS., Vol. 21, 2223, 1961 
14. Oscar·, J. 
DISS. ABS., Vol. 21, 2113, 1961 
25. 
15. Metzner, A. and Ehrreich, J. 
A.I.CH.E., Vol. 5, p. 496, 1959, VAPOR PHASE CATALYTIC HYDR
ATION 
OF ETHYLENE OXICE BY CATION EXCHANGE RESIN 
16. Douglas, W. J, M. 
DISS. ABS. 19, 3258, 1959, HYDRATION OF N BUTENE WITH CATION 
EXCAHGNE RESIN 
r 
t I 
·1 
26. 
( 17. Kabel, B. L. 
DISS. ABS. Vol. 22, p. 1539, 1961, REACTION KINETICS AND ADSORPTIO
N 
EUQILIBRIUM IN VAPOR PHASE DEHYDRATION OF ETHANOL TO DIETHYL ETHER 
AS CATALYZED BY ION EXCHANGE RESIN 
18. Kiestand, J. 
DISS. ABS. Vol. 22, p. 2321, 1962, HYDRATION OF PROPYLENE WITH 
CATION EXCHANGE RESINS 
19. Lashmet, P. K. 
DISS. ABS., Vol. 23, p. 2462, 1962, VAPOR PHASE HYDRATION OF 
ISOBUTENE USING A CATION EXCHANGE RESIN AS CATALYST 
20. Andrianova, T. I. and Brum, B. P. 
KINETIKA E KATALIZ, Vol. 1, No. 3, p. 440, 1960, DECOMPOSITION 
OF FORMIC ACID & ESTERIFICATION OF ACETIC ACID IN THE VAPOR 
PHASE OF THE ION EXCHANGE RESIN KU-2 
21. Mills , G . A. , et a 1 
IND. & ENG. CHEM., Vol. 45, p. 124, 1953 
22. Ciapetta, F. G. and Hunter, J. B. 
IND. & ENG. CHEM. 45, 147, 1953 
23. Weisz, P. B. and Swegler, E.W. 
SCIENCE, Vol. 126, p. 31, 1957 
24. Billings Brown 
DISS. ABS., Vol. 13, p. 998, 1953, ISOMERIZATION OF CYCLOPROPANE 
ON PLATINUM ALUMINA CATALYST 
25. Davis, B. R. and Scott, D.S. 
IND. & ENG. CHEM., FUNDAMENTALS, Vol. 3, No. 1, February, 1964 
26. Tadao, Ishii and Osbert, G. L. 
A. I. CH. E., March 1965, p. 279 
27. Roberts, R. M. J. Ph. Chem. , Vo 1. 63, p. 1400, ISOMERIZATION OF CYCLOPROPANE 
28. Basset, D. W. and Halgood, H. W. 
J. Ph. Chem., June 1960, 769-773, A GAS CHROMATOGRAPHIC STUDY 
~F '~ CALALYTIC ISOMERICATION OF CYCLOPROPANE 
29. Sinfelt, J. H., et al 
KINETICS OF N-PENTANE ISOMERIZATION OVER PLATINUM ALUMINA CATALY
ST 
30. Lyster, W. N. et al A.I.Ch. E., Vol. 10, No. 6, p. 907, 1964, ISOMERIZATION OF N-PENT
ANE 
OVER PLATINUM-ALUMINA CATALYSTS OF DIFFERENT ACTIVITY 
27. 
31. Carr, N. L. 
IND. ENG. CHEM. Vol. 52, p. 5, 1960 
32. Yui-Loong Wang, et al 
IND. & ENG. CHEM, Fundamentals, Vol. 2, No. 3, Aug. 1963, 
KINETICS & MECHANISM OF THE THERMAL DECOMPOSITION OF N-BUTANE 
33. AMBERLYST RESINS, Rohm & Hass Co., Washington Sq., Phila. 5, Pa. 
